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LED-BASED LIGHT BULB 

BACKGROTrNm 

The present application relates to the art of LED Ughting systems. It 
finds particular application in the Ught packages traditionaUy employed in an 
incandescent light source and will be described with particular reference thereto. Those 
skilled in the art will appreciate the appUcabiHty of the present invention to the 
appUcations where a use of an LED light source in a traditional bulb Ught package can 
provide advantages such as increased durabiHty. Ught ou^ut stabiUty and energy 
savings. 

TypicaUy, incandescent Ught bulb packages utiUze a light source that 
includes an incandescent fflament within a glass enclosure. However, the incandescent 
filaments are firagile and tend to gradually degrade during Ufetime of a bulb causing the 
usefid Ught output generated by the filam^its to decrease over time. The increasing 
firagiUty of the filament with age eventually leads to breakage. Typical incandescent 
Ught bulbs have a mean Ufe of 500 to 4,000 hours. 

Light emitting diodes (LEDs) present an attractive alternative as a Ught 
source in a Ught bulb package. A low-power, solid-state LED Ught could last up to 
100,000 hours (eleven years), fer outdistancing the Ufe of a typical incandescent bulb 
When the LED degrades to half of its original intensity after 100,000 hours, it continues 
operating with a diminished ou^ut In the state of operation with the diminished output, 
the LEDs are stiU ten times more energy-efficient than incandescent bulbs, and about 
twice as efficient as fluorescent lamps. Besides producing Uttle heat and being energy- 
efficient. LEDs are soUd-state devices with no moving parts. LEDs characteristics do not 
change significantly with age. and they are not easily damaged by shock or vibration 
This makes LED U^ting systems very reUable. The small shape and low heat generated 
by the LEDs enables Ughting systems to take on various shapes and sizes. 
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A widespread use of the LED lighting systems have been limited because 
the consumers are accustomed to seeing and purchasing the traditional bulb Ughts. The 
number of various bulb light packages on the market is tremendous. In addition to the 
unique cosmetic appearance, the packages differ in luminescent levels, color 
5 temperatures, electrical requirements, and other characteristics. One approach has been 
to directly retrofit the LED into the existing Ught package. However, the single LED 
does not produce the Ught output of the same optical characteristics as each existing 
incandescent bulb lamp. In addition, the LEDs «nit highly directional Ught resulting in a 
narrow Ught angle and require different input power. 

The present invention provides a new LED lamp. 

BRIEF DESCRTPTTOM 

According to one aspect of the appHcation, a light source is disclosed. A 
Ught engine generates Ught of one of a plurality of wavelengths. The Ught engine includes 
15 a platform and at least one LED disposed on the platform. An enclosure surrounds a Ught 
generating area of the light engine. A base includes a heat sink for conducting themial 
energy away from the at least one LED. The Ught engine is mounted onto a heat sink. A 
conversion circuit suppUes electric power to the Ught engine. 

One advantage of the present appUcation resides in providing a common 
20 light engine that is used across various bulb platforms. 

Another advantage resides in providmg an adaptable and scalable LED 

lamp design. 

StiU fiirflier advantages and benefits of the present invention wUl become 
apparent to those of ordinary skiU in the art upon reading and understanding the following 
25 detailed description of the preferred embodiments. 

BRIEF DESC RIPTION OF T HE DRA WTMOS 

The invention may take form in various components and arrangements of 
components, and in various steps and arrangements of steps. The drawings are only for 
30 purposes of iUustrating tiie preferred embodiments and are not to be construed as Umiting 
the invention. 

FIGURE 1 schematically shows a cross-section of an LED-based lamp; 
FIGURE 2 schematicaUy shows a top view of a platform including LEDs; 
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FIGURE 3 schematically shows a cross-section of an LED-based lamp 
which includes a heat dissipating slug; 

FIGURE 4 schematically shows a cross-section of an LED-based lamp 
which includes an extended heat dissipating slug; 

FIGURE 5 schematicaUy shows a cross-section of an LED-based lamp 
which includes a phosphor panel; and 

FIGURE 6 schematically shows a cross-section of an LED-based lamp 
which includes a filament light guide. 

10 DETAILED D ESCRTPTTnM 

With reference to FIGURES 1 and 2, a lighting system 10 includes one or 
more LEDs 12 which are positioned on a mounting platform 14, defining a Ught engine 
16. Wire leads 18, 20 are provided for powering the LEDs 12. The LEDs 12 is one of 
inorganic and organic Ught emitting devices which emit Ught in a spectrum from UV to 
infrared. Variations in optical pexfonnance, viewing angles, and intensity levels are 
achieved by arranging the LEDs in different patterns. The Ughting system 10 includes a 
Ught cover or enclosure 22. Preferably, the enclosure 22 is a traditional bulb-shaped 
enclosure. Optionally, the enclosure 22 is a custom built enclosure to provide non- 
umform light output to create special visual effects. It is contemplated that the enclosure 
22 can be spherical, elUptical, cyUndrical. domed, squared, n-sided, or any other shape 
Preferably, the enclosure 22 is built of U^t tr^nspar^it or translucent materials or a 
combination thereof The enclosure 22 materials are selected from glass, plastic. aciyUc. 
polycarbonate, or other suitable materials. 

Preferably, the platform 14 is a substrate on which a semiconductor may 
be grown, 'n.e platform 14 can be one of sapphire, gallium arsenide, silicon carbide 
gallium phosphorous, gaUium arsenide, gallium nitride, or other suitable material It is 
also contemplated that the platform 14 can be a printed circuit board, heatsink, or any 
other suitable means for mounting the LEDs 12. The LEDs 12 are attached to the 
platform 14 by one of solder, wirebonding. thermosonic, thermocompression, electrical 
conductive adhesives. thermal conductive adhesives, other suitable means, or a 
combmation of the above. It is also contemplated that the LEDs 12 can be adjacent to or 
manufactured as an integral part of the cover 22. 

The platform 14 is adapted to be directly mounted into a base or socket 
24. Tn one embodiment, the base 24 has a receptacle into which the light engine 16 is 
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plugged in. Preferably, the base 24 is one of the connnerciaUy available light bulb 
sockets for easy field exchange and retrofitting of the Ught bulb with the LED Ught 
engme 16 such that the enclosure 22 can be fitted over the Ught engine 16. E.g., in one 
embodnnent, the base 24 is one of connnercially available incandescent Ught sockets 
5 suchas6S6screwbase,194wedgebase.oroth«. Such design aUows Ihe conventional 
lamp to be replaced with a variety of differ^xt LED U^ engines without modification 
to the lamp socket or to the lamp enclosure. Optionally, the base 24 is custom 
manufectured. At least one heatsink 26 is integrally disposed in thennal communication 
with the Ught engine 16 and the base 24 to take the heat away fiom the LEDs 12 n.e 
) heatsmk 26 is constructed from the material capable of conducting the heat away from 
the LEDs 12. Examples of suitable materials include copper, aluminum, siUcon carbide 
boron mtnde and others known to have a high coefficient of thermal conductivity. 

Preferably, an index matching material 28 is appUed to encompass the 
hght engine 16 to improve the Ught extraction. The index matching material is selected 
' from siUcones. acryUcs, epoxies, thermoplastics, glasses and any olher appropriate 
materials. Optionally, an index matching fluid, which preferably serves as a thermal 
spreadmg medium, is present between the Ught engine 16 and the cover 22. The fluid is 
selected from soUds, gels, liquids, fluorocarbon coolants, luminescent materials and 
others to create a desired visual effect. AdditionaUy. reflective or translucent particles 
may added to the fluid for fimirer visual effects, llxe cover 22 works together with the 
mtemal fluid to optimize Ught extraction and/or provide visual effects. In one 
embodmient, the index matching material 28 is sfructured to provide lensing. 

Jn order to provide suitable electrical power to the LEDs 12, the Ughting 
system 10 includes one or more of an electric power conversion circuit, or control 
electromcs. or power electronics circuits 30, which are preferably integrated with the 
hght engine 16. Alternatively, the electric power conversion circuit 30 can be adjacent 
the hght engine 16. located within the base 24, or disposed remotely from the Ughting 
system 10. m one embodiment, the electric power conversion circuit includes an 
AODC converter which permits the LED-based Ughting system 10 to be powered by a 
standard domestic 1 20VAC or international 220 VAC user voltage. Such circuitry makes 
the LED lamp a frue replacement for a bulb Ught. Preferably, the power eledronics 
orcurts 30 are two- or ti^ee-dimensional sfructures to provide minimal dimensions In 
one embodiment, the electric power conversion circuits 30 are flexible circuits 
OptionaUy. the electric power conversion circuits 30 are non-planar circuit boards 
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With refeence to FIGURE 3. the hating system 10 includes a heat 
dissipating slug 32. The heat dissipating slug 32 is disposed in a thermal commumcation 
with the base 24 to conduct the heat from the Ught engine 16 into the base 24. 
OptionaUy, the heat dissipating slug 32 transfers the heat from the Ught engine 16 into 
the air. Preferably, the heat dissipating slug 32 includes a plurality of radial fins 34 
disposed about an outer periphery of the slug 32. 

With reference to FIGURE 4, the heat dissipating slug 32 extends beyond 
the base 24 to .transfer the heat &om the U^t engine 16 into the air. 

OptionaUy, the base 24 includes at least one of thermoelectric cooUng, 
piezo synthetic jets, qu-pipes, heat-pipes. piezo fans and electric fens, or other forms of 
active cooling. 

With reference to FIGURES 5 and 6, the Ughting system 10 includes a 
wavelength converting material such as organic or inorganic phosphor. The phosphor 
can be located m any suitable location, such as integrated into the LED 12, at a Ught 
guide 36, coated inside or outside the cover 22, contained within the cova- 22, or a 
combination thereof. 

In one embodiment, the enclosure 22 includes transparent organic 
phosphors which are preferably coated on an inside, or outside surface of the enclosure 
22, or a combination thereof. It is also contemplated that flie phosphors can be dissolved, 
melted, coextruded, or dispersed by any other means within the waUs forming the 
enclosure 22. Preferably, fee phosphor distribution is unifonn. In one embodiment, the 
phosphor distribution is non uniform to oreate preselected patterns, figures, special 
visual effects of different colors, and other effects. It is also contemplated that both 
transpar^t and conventional non-transparent phosphors can be used to create special 
effects, patterns, or figures. In one embodiment, the enclosure 22 is frosted or otherwise 
treated to provide special visual effects. Examples of the organic transparent phosphors 
are the BASF Lumogen F dyes such as Lumogen F Yellow 083, Lumogen F Orange 
240, Lumogen F Red 300, and Lumogen F Violet 570. Of course, it is also 
contemplated that other phosphors such as the rare earth complexes with organic 
component described in the U.S. Patent No. 6,366,033; quantum dot phosphors 
described in the U.S. Patent No. 6,207.229; nanophosphois described in the U.S. Patent 
No. 6,048,616, or other suitable phosphors can be used. 

With continuing reference to FIGURE 5, the UV Ught rays 40 are emitted 
by the LEDs 12 and converted into white or visible light 42 by a phosphor 44. The 
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phosphor 44 preferably includes two or more phosphors to convert the emitted light 40 
to the visible Ught 42, although single component phosphors are embodied for saturated 
color Ught generation as weU. The visible Ught 42 exits through the enclosure 22. In 
this embodiment, the phosphor mix 44 is disposed about or within a Ught guide 36 
5 which is a planar panel disposed above the LED 12 such that the majority of the Ught 
rays 40 strike the panel. 

With reforence again to FIGURE 6, the Ught guide 36 is a fflament which 
is disposed within the enclosure 22 to create a •'filament-look" LED based Ughting 
system. More specifically, phosphor 44 is appUed directly to the LED 12 sudi that the 

10 emitted Ught 40 is converted into visible Ught 42 at the LED 12. The visible Ught 42 
strikes flie Ught guide 36 and adapts the filament shape to simulate a "filament-look" Ught 
bulb. Alternatively, a suspended reflector may be used to simidate the filament shape. 
The reflector can be ' Vadded" tin foil, a coiled aluminized spring, or the like. Optionally, 
the Ught guide 36 is a coiled fiber optic with surface, internal, or other diffiisers, such as 

15 frustrated TIR (Total Internal Reflection) diffiisers, to allow the Ught to escape at the 
desired locations. 

The invention has been described with reference to the preferred 
embodiments. Modifications and alterations wiU occur to others upon a reading and 
understanding of the preceding detailed description. It is intended that the invention be 
20 construed as including all such modifications and alterations insofer as they come within 
the scope of the appended claims or the equivalents thereof 



